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Abstract 

Rheumatoid arthritis (RA) is an autoimmune disease characterized by a per- 
sistent inflammation of the synovium, leading to the erosion of articular carti- 
lage and bone. Synovial mast cells and their effector molecule, histamine, 
receive increased attention as: mediators of joint inflammation. The aim of our 
study was to analyse levels of free histamine in serum and joint fluid of RA 
patients and to evaluate the potential inflammatogenic properties of histamine 
in vivo and in vitro. Histamine levels were measured by an ELISA in synovial 
fluid and sera of RA patients and of healthy controls. Histamine levels were 
also assessed in plasma of RA patients undergoing anti-TNF-a treatment. In 
the murine part of the study, histamine was injected intra-articularly in the 
knee joint of mice and the joints were subsequently analysed with respect to 
induction of inflammation. RA patients displayed significantly lower levels of 
histamine in circulation (0.93 ±0.16 ng/ml) compared with the healthy con- 
trols (1.89 ± 0.45 ng/ml, P < 0.001). Locally, in synovial fluid the levels of 
histamine were even lower (0.37 ± 0.16 ng/ml, P < 0.0006). Long-term anti- 
TNF-a treatment significantly increased circulating levels of histamine in RA 
patients. Our experiments on animals show that histamine on its own neither 
induces inflammation in the joint cavity nor influences the course of HMGBl 
and peptidoglycan-induced joint inflammation. Based on our experimental and 
clinical studies we suggest that histamine lacks harmful properties in RA. 



Introduction 

Rheumatoid arthritis (RA) is a disease characterized by a 
chronic inflammation of the synovium, leading to the 
erosion of articular cartilage and bone [1-3]. The patho- 
physiological process of RA is often assigned to the 
actions of fibroblast-like synoviocytes, macrophages, T 
lymphocytes and their soluble products, such as pro- 
inflammatory cytokines and metalloproteinases [4-7]. 

The role of mast cells (MC) in the pathogenesis of RA 
is largely unknown; yet circumstantial evidence indicates 
that MC may play a role in the disease process. An 
increase in the number of MC was noted in the synovial 
tissue and fluid of patients with RA [3]. It has also been 
established that a considerable number of synovial speci- 
mens displayed MC activation and degranulation at the 
site of cartilage erosions [6]. Presence of degranulated 
MC in joint tissue, before any obvious clinical or histo- 
logical inflammation, suggests a role for MC in the effec- 
tor phase of inflammatory arthritis [9]. However, the true 
role of this cell population in the pathogenesis of RA 
remains unclear. 



Histamine is produced by a wide range of cells that 
are capable to home from the blood to the synovium. 
However, circulating blood histamine originates almost 
entirely from basophiles and from MC [3, 10, 11]. 
Recently, attention has been turned to histamine and its 
potentially harmful role in RA. There is evidence that 
histamine is present in both the diseased synovium and 
the joint fluid [3, 8, 12-14]. It is, furthermore, believed 
to be synthesized by an array of leukocytes including T 
lymphocytes, macrophages and neutrophils, and has been 
proposed to regulate their cytokine production [4, 5, 15]. 
Histamine has also been detected in articular cartilage of 
RA patients, which suggests chondrocytes as another syn- 
thesis locus. In addition, the expression of histamine and 
histidine-decarboxylase (HDC) have been observed in 
many different tissues of the human body, which sug- 
gests that histamine has important functions in the regu- 
lation of basic biological cell processes [4, 5, 11]. 

Histamine acts through four different types of recep- 
tors (HI, H2, H3 and H4) on various cell types. In the 
human joint, HI and H2 receptors are present on the 
synovial fibroblasts, as well as on articular chondrocytes. 
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and they exert their effect through two different path- 
ways [16, 17]. This might be one of the reasons why ear- 
lier studies concerning histamine, its presence and role in 
joints have been contradictory. These findings led to the 
suggestion that histamine increases inflammation in RA 
and that presence of histamine in synovial fluid (SF) 
could be a sign of the disease [13, 18, 19]. On the other 
hand, some studies have emphasized the anti-infiamma- 
tory role of histamine through its capacity to switch a 
Thl response to a Th2 response, via binding to H2 
receptors, and hence upregulating the secretion of anti- 
inflammatory cytokines, such as IL-4 and IL-10 [20-23]. 
This is further supported by a study by Garaczi et al. 
[23], where HDC knockout mice (Hi;)C-/-) displayed 
significantly higher increase of ear swelling when com- 
pared with wild-type mice, suggesting that histamine 
might have a suppressive effect on the production of Thl 
cytokines and, consequently, on the inflammatory 
response. Finally, a growing number of studies suggest 
that histamine is involved in the downregulation of 
human polymorphonuclear leukocyte functions in inflam- 
matory responses, such as production of oxygen radicals, 
cytokine and leukotriene production as well as chemp- 
taxis [24, 26]. 

Ex vivo experiments have shown that lymphocytes 
from RA patients spontaneously release considerably 
more histamine than do those from healthy blood donors. 
Thus, the local release of histamine by lymphocytes and 
MC at the level of the inflamed joint could be a potential 
source of this molecule [13]. Several studies concerning 
levels of histamine in plasma, serum and SF in patients 
with diverse arthritides have been carried out in the past, 
with conflicting conclusions regarding the impact of his- 
tamine on disease severity [3, 18, 19]. The aims of the 
present study included: (a) simultaneous measurements 
of histamine levels in serum/joint fluids in well character- 
ized patients with RA; (b) to study prospectively 
the impact of efficient anti-rheumatic treatment in 
circulating histamine levels; and (c) to asses in vivo and 
ex vivo the potential pro-inflammatory/arthitogenic role of 
histamine. 

Materials and methods 

Patients and controls. Sera and synovial fluid samples were 
collected from 44 patients with RA (16 males, 28 
females, age range 25-84 years) who attended the Rheu- 
matology clinics, at Sahlgrenska University Hospital in 
Gothenburg, Sweden, for acute joint effusion. RA was 
diagnosed according to the American College of Rheuma- 
tology criteria. The study was approved by the Ethics 
Committee of the University of Goteborg (S-441-01). 
Clinical characteristics of RA patients are presented in 
Table 1. At the time of synovial fluid and blood samp- 
ling most of the patients received non-steroidal anti- 



Table 1 Clinical characteristics of patients with rheumatoid arthritis. 

Erosive RA, Non-erosive RA, 

n = 34 n = 10 

Gender (F/liO 21/13 7/3 

Age (years) 61.1 ± 2.3 63.7 ± 5.4 

Rheumatoid factor (+/-) 32/2 4/6 

Disease duration 14.2 ± 1.5 7.3 ± 2.5 

Treated with DMARD (%) 

IVlethotrexate 20 (59) 2 (20) 

Other 6 (18) 1 (10) 

Non-treated 8 (24) 7 (70) 



inflammatory drugs. Recent radiographs of the hands and 
feet were obtained for all the patients. Presence of bone 
erosions, defined as the loss of cortical definition at the 
joint, was recorded in proximal interphalangeal, meta- 
carpophalangeal, carpal, interphalangeal and metatarsoph- 
alangeal joints of forefeet. Presence of single erosion was 
sufficient to fulfil the requirement of an erosive disease. 
Presence of the rheumatoid factor (RF) of any of immu- 
noglobulin isotypes was considered as positive. Paired 
blood samples were also collected from 10 RA patients 
(eight females and two males, age range 24-72 years, dis- 
ease duration: 0-23 years, methotrexate dose 7.5-22.5 
mg/week) before and after five infusions of antibodies 
against tumour necrosis fector-alpha (anti-TNF-a, inflix- 
imab, total dose 1000 mg). Disease activity score (DAS) 
and C-reactive protein (CRP) in serum were assessed at 
each sampling occasion. 

Plasma samples from 33 healthy individuals (two 
males and 35 females, age range 54-67) were used in the 
control group. Synovial fluid from 19 patients (11 males 
and eight females, age range 21^3) with traumatic knee 
injuries was used as a second control group. 

Measurement of histamine levels. A sandwich ELBA (Immu- 
notech, Marseille, France) was used to assess histamine 
levels in plasma and SF samples, according to manufac- 
turer's recommendations. In brief, principle of this ELISA 
is based on a competition-type assay. Histamine of the 
samples, standards and controls is chemically modified 
during an acetylation step using N-hydroxysuccinimide 
ester coupled to succinyl-glycinamid (SGA), subsequently 
forming a histamine-SGA complex. After incubation of 
the samples, the wells are washed and the bound enzy- 
matic activity is detected by the addition of a chromo- 
genic substrate. The intensity of the colour development 
is inversely proportional to the histamine concentration 
in the sample. The absorbance is read at 405 nm. The 
histamine concentration in samples was calculated by 
interpolation from a standard curve that is performed in 
the same assay as the samples. A computer program (Del- 
taSoft™) was used to construct a four-parameter curve fit 
and histamine concentration in the samples was calcula- 
ted based on that curve. 
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Intra-articular injection of histamine, HMGBl and pepti- 
doglycan. To assess pro-inflammatory properties of 
histamine, 24 healthy female NMRI mice were injected 
intra-articularly (i.a.) in the knee joint with a total 
volume of 20 n\ containing 10, 1, 0.1 or 0.01 ng of 
histamine (Sigma, St Louis, MO, USA) in physiological 
saline. Control mice were also injected i.a. with the vehi- 
cle solution alone. After 6 and 72 h, three mice from 
each group were sacrificed and the knee joints were 
obtained for histological analyses. To evaluate potential 
anti-inflammatory effect of histamine, healthy NMRI 
mice were injected i.a. with a mixture of histamine 
(10 ng/knee) and (a) HMGBl (2 fig per knee, n = 16); 
or (b) staphylococcal peptidoglycan (10 and 50 per 
knee, n = 16). Control mice were injected i.a. with 
HMGBl (« = 16) or peptidoglycan (« = 16) alone. The 
mice were sacrificed after 72 h and the knee joints were 
obtained for histological analyses. 

The animal study was approved by the Council for 
Animal Experiments of the University of Goteborg (271- 
2003). 

Histological examination of knee joints. A histological 
examination of the knee joints was performed after fix- 
ation, decalcification and paraffin embedding of speci- 
mens. Tissue sections were prepared and stained with 
haematoxylin and eosin. Slides were examined and scored 
with respect to severity of synovitis as follows: 0 = no 
synovitis, 1 = mild synovitis, 2 = moderate synovitis 
and 3 = severe synovitis. All evaluations were performed 
on coded slides in a blinded manner. 

Preparation and stimulation of spleen cultures. Mononu- 
clear cell cultures were aseptically obtained from mouse 
spleens and resuspended in Iscove's complete medium 
(10% fetal calf serum, 5 X 10"' M 2-mercaptoethanol, 
4 mM L-glUtamine, 50 /ig gentamycin/ml) at final con- 
centration 1 X 10'^ cells per ml. The splenocytes were 
exposed to histamine at concentrations 0-100 yM. To 
evaluate anti-inflammatory properties of histamine, cell 
cultures were subjected to histamine treatment (10 ligl 
ml) overnight and further stimulated with 3 /ig/ml of 
toxic shock syndrome toxin 1 (TSST-1), or 1.5 //g/ml of 
concanavalin A (Con A) (ICN Biomedicals Inc., Aurora, 
OH, USA). The supernatants were collected following 
24 h stimulation and stored at -20 °C. 

Analysis of interkukin-6 and interleukin-10. Interleukin- 
6 (IL-6) levels in the supernatants were measured by a 
bioassay based on murine hybridoma cell line B 13-29, 
subclone B9, as described previously. This cell line is 
dependent on exogenously supplied IL-6 for its growth. 
Interleukin-10 measurement was performed in plasma 
from anti-TNF-a-treated RA patients. An analysis was 
carried out with a sandwich ELISA (BioSite, Taby, 
Sweden), as recommended by the manufecturer. 

Induction of T celll macrophage and of granulocyte-mediated 
inflammatory responses in viiio. Granulocyte-mediated and 



T-lymphocyte-independent inflammation was induced in 
mice by injection of 30 /zl of olive oil subcutaneously (s.c.) 
in hind left paw [27]. Paw swelling was registered with an 
Oditest spring caliper (Kroplin, Hessen, Germany) before 
and 24 h after the injection. The inflammatory response 
was expressed as the increase in paw thickness in 10"^ cm. 
To study T-cell/macrophage-dependent inflammation, 
mice were sensitized by epicutanous application of 150 /il 
of a mixture of 95% ethanol and acetone (3:1) containing 
3% 4-ethoxy-methylene-2-phenyloxa2olone (OXA) (Sig- 
ma) on the abdomen skin [28], Seven days after the sensiti- 
zation all mice were challenged by topical application of 
15 ll\ of 1% OXA dissolved in acetone and olive oil on 
both sides of the right ear. The thickness of the ear was 
measured before and 24 h after challenge using an Oditest 
spring caliper. The intensity of delayed-type hypersensitiv- 
ity (DTH) reactions was expressed as (ear thickness 24 h 
after challenge - thickness before challenge) X 10"^ cm 
units. Two weeks after the initiation of OXA-induced 
inflammation, mice were bled and serum was stored at 
-20 °C. Levels of antiroxazblone antibodies were measured 
using an ELISA. 

Pre-treatment with sodium cromoglycate. One day prior to 
sensitizing the mice with OXA or injection with olive 
oil, eight male NMRI mice were treated intraperitoneal- 
ly with 200 fll of sodium cromoglycate (SC; 7.7 mg/ml 
in PBS) (Lomudal®, Aventis Pharma AB, Stockholm, 
Sweden), which is an MC membrane-stabilizing agent. 
This treatment regime has been previously shown to 
efficiently reduce the levels of histarnine in mice [29]. 
Another 10 mice served as controls and received the 
vehicle solution. 

Analysis of oxazolone antibodies in sera. Ninety-six-well 
microplates (NUNC, Roskilde, Denmark) were coated 
over night at 4 °C with OXA conjugated to dog albu- 
min (DSA-OXA) (0.003%) dissolved in PBS. 

After washing three times in PBS and blocking with 
0.5% BSA (Sigma) dissolved in PBS, individual sera were 
serially diluted in BSA-PBS and incubated for 2 h at 
37 °C. After washing, biotinylated F(ab')2 goat anti- 
mouse IgG (1:3000) (Jackson ImmunoResearch, West 
Grove, PA, USA) were added and incubated for additional 
2 h at 37 °C following incubation with ExtrAvidin per- 
oxidase conjugate (0.5 ^g/ml, Sigma). The reaction was 
visualized by adding 2,2-azino-bis-(3-ethylbenzo-thiazo- 
line-6-sulfonic acid) diammonium salt (ABTS, 2.5 mg/ml, 
Sigma) in 10% diethanolamine buffer containing 0.0025% 
H2O2. The absorbance was recorded in a spectrophotome- 
ter Spectra MaxPlus at 405 nm. The optical density (OD) 
values registered were related to the OD values obtained 
from normal (naive) mouse: sera. 

Statistical analyses. Values are expressed as mean ± 
SEM. Values of P < 0.05 were considered statistically 
significant. Statistical tests used were Mann-Whitney, 
paired /-test, unpaired /-test. 
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Results 

Histamine levels in synovial fluids and sera of patients with 
RA and of healthy controls 

Circulating levels of histamine from patients with RA 
was significantly lower compared with those of healthy 
subjects (0.93 ± 0.16 ng/ml versus 1.89 ± 0.45 ng/ml, 
P = 0.0005) (Fig. 1). Interestingly, paired comparison of 
histamine levels in the blood and the synovial fluid of 
RA patients showed that in the joints, histamine levels 
were even lower (0.93 ±0.16 ng/ml versus 
0.37 ± 0.06 ng/ml, P = 0.0006). In contrast, there were 
no significant differences regarding histamine levels in SF 
of RA patients and of controls with non-inflammatory 
joint disease (0.37 ± 0.06 ng/ml versus 0.53 ± 0.12 ng/ 
ml, ns). Comparison of circulating histamine levels of 
RA patients with erosive (0.92 ± 0.22) versus non- 
erosive (1.01 ± 0.22) RA, demonstrated that patients 
with erosive RA had somewhat lower levels of histamine 
in their blood compared with patients with non-erosive 
RA (not significant). 

Changes of histamine levels during anti-TNF-a treatment 

To assess the effect of anti TNF-a treatment on hista^ 
mine blood levels, samples were collected from 10 RA 




n = 44 n = 37 n = 44 /J=18 



Figure 1 Histamine levels in the blood and in the synovial fluid of RA 
patients and controls. ***P < 0.001, synovial fluid versus blood in RA 
patients, ***P < 0.001, blood of RA patients vetsus blood of healthy 
blood donors. 

Table 2 Impact of infliximab treatment on circulating histamine levels (» 



patients prior to the first infusion of infliximab and fol- 
lowing 40 weeks of treatment (a total of five infusions of 
infliximab). The levels of histamine in circulation before 
and after the sixth anti-TNF-a treatment are shown in 
Table 2. Treatment led to a significant increase of hista- 
mine levels in the blood (0.60 ± 0.07 ng/ml vs. 
1.10 ± 0.14 ng/ml, P = 0.005) (Fig. 2). The increase in 
histamine levels was inversely correlated with the DAS 
score (r = -0.48) and CRP levels (r = -0.42) 
(Fig. 3A,B). The measurement of circulating IL-10 levels 
before and after the anti-TNF-a treatment did not dis- 
play any significant differences. Single infusion of inflix- 
imab had no obvious effect on histamine levels (mean: 
0.91 ng/ml before and 1,04 ng/ml, after infusion (not 
significant). 

Does histamine modulate inflammatory responses 
intra-articularly? 

The histological analysis of mouse knee joints injected 
with 0.01-10 ng (n = 24) of histamine revealed no signs 
of synovitis, such as intra-atricular influx of leukocytes or 
pannus formation. To asses if histamine eliminates 
inflammatory responses, we injected histamine in combi- 
nation with high mobility group (box chromosomal) Bl 
protein (HMGBl). HMGBl triggers the development of 
arthritis when adininistered to healthy joints [30-32]. 
Peptidoglycan, a component of the Gram -positive bacter- 
ial cell wall is also known to induce inflammatory 
response in healiihy joints [33-^^34]. Histamine (10 ng) 
was co-administered to the joint cavity together with 
either HMGBl (2 fig, n = 16) or with peptidoglycans 
(10 or 50 ng, n = 16) did not significantly affect the 
inflammatogenic properties of these molecules. The fre- 
quency and severity of joint inflammation in mice 
injected with histamine/peptidoglycan mixture was sim- 
ilar to those found in the mice injected with peptidogly- 
can alone (73% versus 82%). The frequency of joint 
inflammation in mice injected with histamine/HMGB-1 
mixture was somewhat higher than in mice injected with 
HMGB-1 alone (73% versus 36%) (ns). 

Does stabilization of mast cell membrane affect in vivo 

inflammatory responses? 

Treatment with SC had no significant effect on degree of 
paw swelling triggered by olive oil. Indeed no differences 
in paw thickness were detected between naive and SC-trea- 

- 10). ^ 

(lO'/ml) Platelets (lO'/ml) Hb (g/1) 

4.3 355 ± 164 124 ± 13 

2.2 290 ± 129 131 ± 11 



Histamine (ng/ml) IL-10 (ng/ml) CRP 



Before infliximab 5.3 ± 1.1 

After five infusions 3.8 ± 1.2 
P 0.013 
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= -0.42. (P= 0.05) 




Before treatment 



plasma of RA patients treated 



ted mice. This indicates that MC inhibition does not 
prevent granulocyte-mediated inflammatory response. Fur- 
thermore, treatment with sodium cromoglycate had no 
effect on the degree of ear swelling in OXA-sensitized and 
challenged mice. No difference in eai: thickness was detec- 
ted between control and treated groups, indicating that 
lymphocyte/macrophage-mediated skin inflammation was 
not abrogated by MC inhibition. No diffei^ences in serum 
levels of anti-oxazolone antibodies were detected between 
the sodium cromoglycate treated and control groups. 

Does histamine affect production of pro-inflammatory IL-6? 

Mononuclear spleen cell cultures (« — 3) were exposed to 
the increasing concentrations of histamine (0-100 ^lM) in 
the presence and absence of T-cell mitogen Con A or 
superantigen TSST-1. Supernatants were collected after 
72 h and an analysis of IL-6 levels was performed. Treat- 
ment of splenocytes with histamine alone did not induce 
production of IL-6. TSST-1 and Con A-induced produc- 
tion of IL-6 (55 ± 4 pg/ml and 80 ± L5 pg/ml). This 
production was not affected by the presence of histamine 
in the culture medium (Table 3). 

Discussion 

The aims of our study were to: (a) analyse the relation- 
ship between histamine levels in the SF and the blood of 
RA patients; (b) evaluate the impact of a TNF-a inhibi- 
tion on histamine levels in RA patients; (c) determiiie 
whether the histamine molecule itself induces inflamma- 
tion in the joint cavity of healthy recipients; and (d) 
assess if histamine has immunomodulatory properties. 




20 40 60 80 100 120 140 160 



CRP (g/l) 

r=-Q.A8, (P=0.03) 




DAS 28, score 



Figure 3 Circulating histamine levels of RA patients treated with inf- 
liximab are inversely related to GRP levels (A), and to the disease activ- 



The SD of Con A (histamine 0 /IM) was 15 pg/ml while that of TSST-1 



Our present data point to the fact that, within the 
joint cavity, histamine is actively consumed as its levels 
are significantly lower in the joint fluid than in the circu- 
lation of RA patients, despite the fact that the synovial 
cells are able to actively synthesize this molecule in situ. 
The idea of histamine consumption during inflammation 
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whether histamine could aftect the HMGBl/peptsdogly- 
can-induced inflammation. Our results suggest that hista- 
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HMGBl and peptidoglycan m ttte joint cavity. 

lL-6 is a pro-inflammatory cvtoicine tnat is known to 
be present in nigh levels in the SF trom RA patients [2]. 
It is produced by many cell types and is thought to play 
an iniDortant role in RA [.-jS]. In our study, exposure ot 
leukocytes to histamine did not. have any efiect on tln.- 
prnducfion ot iL-h. it nas oecn shown that ui.staiiiitit- i) 
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histaiTiine blocks the production or rteutrophii-aenvtd 
ROI, thus preventing tissue degradation m tne jomt. Our 
results show that histamine ieveis in the blood rise after 
the treatJTienr and tms mignt suggest t.^ac the benehtial 
action of TlNF-a antagonists is mediated through the his- 
tarnine-dependent inhipition of neutrophil extravasation. 

Altogether our studv points out that; (a) histamine 
ieveis are significantly suppressed in RA; ^) etficieris. 
immunomodulatory' treatment reverses this suppression. 
Ihese findings toget.Mer with other weil-snown properiitts 
of histamine suggest that histajnme is anti-intiammatory 
rat.>ier tnan pfo-infknamatory m the setting oi nunmn RA, 

Acknowiedgment 

The vwor^ granc fro n r iP Su r 

Fcijndaticm of King Gusrav V. the Capio Research Foun- 
datur I- Mi.ru Foimd.nor he Ihoktis Fonud^non 



Fuinatun lit Sw 'isb N<.tJ lii iifldi.na^i 
Npvork rhe Naiid S Fm n 3 r on the G bi ^ 
M 1 a! Scetj h Ev, )t. ihn [(jtian i ft^ 
trat orf> Ifivtr.u J ( i i i i- 1 t 
Ericsson tor her technical assistance and Mattsa;; Magnus- 
son tor msigntful comments. 

References 

K>bi. L D R-chige n o R a Pa>.te jk-j i. t,1 

not CpG oligodeoxynucieotidns activate synnviaE fibroblasts by toll- 

Ut ficp or iipnal \' >\ Siheu-n 2"t'^'S 2 '0 



117 bUkv-cll P^h I 



!. Scandinavian Journal of Immunoloy.y 



536 Histamine in Rheumatoid Artliritis 



M. Adiesic et al. 



2 Isomaki P, Punnonen J. Pro- and anti-inflammatory cytokines in 
rheumatoid arthritis. Am Med 1997;29:499-507. 

3 Maslinska D, Gujski M, Laure-Kamionowska M, Szukiewicz D, 
Wojtecka-Lukasik E. Subcellular localization of histamine in articu- 
lar cartilage chondrocytes of rheumatoid arthritis patients. Inflamm 
Res 2004;53S:S35-6. 

4 Yamaura K, Yonekawa T, Nakamuta T, Yano S. Ueno K. The his- 
tamine H2-receptor antagonist, cimetidine, inhibits the articular 
osteopenia in rats with adjuvant-induced arthritis by suppressing 
the osteoclast differentiation induced by histamine. J Pharmacol 
Sti 2003;92:43-9. 

5 Sasaguri Y, Tanimoto A. Role of macrophage-derived histamine in 
atherosclerosis - chronic participation in the inflammatory response. 
J Athmscler Thromh 2004;11:122-30. 

6 Kobayashi Y, Okunishi H. Mast cells as a target of rheumatoid 
arthritis treatment. Jpn J Pharmacol 2O02;90:7-n. 

7 Williams L, Gibbons D, Gearing A, Maini N, Feldmann M, Bren- 
nan F. Paradoxical effects of a synthetic metalloproteinase inhibitor 
that blocks both P55 and P75 TNF receptor shedding and TNFa 

1996;97:2833-41. 

8 Buckley MG, Walters C, Wong WM et al. Mast cell activation in 
arthritis: detection of alpha- and beta-tryptase, histamine and eosi- 
nophil cationic protein in synovial fluid. Glin Sci (Loud) 
1997;93:363r70. 

9 Lee DM, Friend DS, Gurish MF, Benoist C, Mathis D, Brenner 
MB, Mast cells: a cellular link between autoantibodies and inflam- 
matory arthritis. Science 2002;297:1689-92. 

10 Ponvert C, Galoppin L, Paupe J, de Blic J, Le Bourgeois M, Schein- 
mann P. Blood histamine levels (BHD in infants and children with 
respiratory and non-respiratory diseases. Mediators Inflamm 
2001;10:7-11. 

11 Igaz P, Novak I, Lazaat E, Horvath B, Heninger E, Falus A. Bidi- 
rectional communication between histamine and cytokines. Inflamm 
Res 2001;50:123-8. 

12 Malone DO, Irani AM, Schwartz LB, Barrett KE, Metcalfe DD. 
Mast cell numbers and histamine levels in synovial fluids 
from patients with diverse arthritides. Arthritis Rheum 1986;29: 
956r-63. 

13 Renoux M, Hilliquin P, Galoppin L, Florentin I, Menkes CJ. 
Release of mast cell mediators and nitrites into knee joint 
fluid in osteoarthritis-comparison with arricular chondrocalci- 
nosis and rheumatoid arthriris. Osteoarthritis Cartilage 1996;4: 
175-9. 

14 Woolley DE. The mast cell in inflammatory arthritis. N Engl J Med 
2003;348:1709-11. 

15 Sonobe Y, Nakane H, Watanabe T, Nakano K. Regulation of 
Con A-dependant cytokine production from CD4+ and CD8+ 
lymphocyces by autosecretion of histamine. Inflamm Res 2004;53: 
87>-92. 

16 Tanaka S, Sohen S, Fukuda K. A role for histamine receptors in 
rheumatoid arthritis. Semin Arthritis Rheum 1997;26:824-33. 

17 Tetlow LC, Woolley DE. Histamine, histamine receptors (HI and 
H2), and histidine decarboxylase expression by chondrocytes of oste- 
oarthriric cartilage: an immunohistochemical study. Rheumatol Int 
2005;26:173-8. 

18 Gujski M, Wojtecka-Lukasik E, Gajewski M, Poppe P, Szukie- 
wicz D, Maslinski S. Is lymphocyte histamine involved in 
the pathogenesis of rheumatoid arthritis? Inflamm Res 2000;49: 

S25-6. 

19 Frewin DB, Cleland LG, Jonsson JR, Robertson PW. Histamine 
levels in human synovial fluid. J Rheumatol 1986;13:13^. 

20 Hirasawa N, Ohtsu H, Watanabe T, Ohuchi K. Enhancement of 
neutrophil infiltration in histidine decatboxylase-deficient mice. 
Immunology 2002;107:217-21. 



21 Zwadlo-Klarwasser G, Vogts M, Hamann W, Belke K, Baron J, 

in human blood monocytes and monocyte subsets. Inflamm Res 

1998;47f434-9. 

22 Osna N, Elliott K, Khan MM. Regulation of interleukin-10 secre- 
tion by histamine in TH2 cells and splenocytes. Int Immunopharmacol 
2001;1:85-96. 

23 CJaraczi E, Szell M, Janossy T et al Negative regulatory effect of 
histamine in DNFB-induced contact hypersensirivity. Inl Immunol 
2004;16:1781-8. 

24 Bury TB, Corhay JL, Radermecker MF. Histamine-induced inhibi- 
uon of neutrophil chemotaxis and TJymphocyte proliferation in 
man. Allergy 1992;47:624-9. 

25 Flamand N, Plante H, Picard S, Laviolette M, Borgeat P. Hista- 
mine-induced inhibirion of leukotriene biosynthesis in human neu- 
trophils: involvement of the H2 receptor and cAMP. Br J Pharmacol 
2004;141:552-«1. 

26 Hirasawa N, Watanabe M, Mue S, Tsurufuji S, Ohuchi K. 

pouch-type carrageenin inflammation in rats. Inflammation 1991; 
15:117-26. 

27 Josefsson E, Carlsten H, Tarkowski A, Neutrophil mediated 
inflammatory response in murine lupus. Autoimmunity 1993;14: 
251-7. 

28 Carlsten H, Nilsson L-A, Tarkowski A, Impaired cutaneous 
delayed-type hypersensitivity in autoimmune MRL Ipr/lpr mice. Int 
Archs Allergy Appl Immun 1986;81:322-5. 

29 Kolaczkowska E, Seljelid R, Plytycz B. Role of mast cells in zymo- 
san-induced peritoneall inflammation in Balb/c and mast cell-deffi- 
cient WBB6F1 mice.y Leukoc Biol 2001;69:33^2. 

30 Rovere-Querini P, Capobianco A, Scaffidi P et al. HMGBl is an 
endogenous immune adjuvant released by necrotic cells. EMBO Rep 
2004;5:825-30. 

31 Andersson U, Tracey KJ. HMGBl as a mediator of necrosis-induced 
inflammation and a theurapeutical target of arthritis. Rheum Dis 
Clin North Am 2004;30:627-37. 

32 PuUerits R, Jonsson IM, Verdrengh M et al High mobility group 
box chromosomal protein I, a DNA binding cytokine, induces arth- 
ritis. Arthritis Rheum 2003;48:1693-700. 

33 Talreja J, Kabir MH, Filla M, Stechschulte DJ, Dileepan KN. 
Histamine induces Toll-like receptor 2 and 4 expression in endot- 
helial cells and enhances sensitivity to Gram-positive and 
Gram-negative baaerial cell wall components. Immunology 
2004;113:224-33. 

34 Liu ZQ, Deng GM, Foster S, Tarkowski A. Staphylococcal pepri- 
doglycans induce arthritis. Arthritis Res 2001;3:375-80. 

35 Olsen NJ, Stein CM, New drugs for rheumatoid arthritis. N Engl J 
Af a/ 2004;350:2167-79, 

36 Edwaids SW. Hallett MB, Seeing the wood for the rrees: the for- 
gotten role of neutrophils in rheumatoid arthritis, Immunol Today 
1997;18:320^. 

37 Abbas AK, Lichtman HA, Pober SJ. Cellular and Molecular Immuno- 
logy, Vol. 1, 4th edn. Philadelphia, PA: W.B. Saunders Company, 
2000. 

38 Nakahara H, Song J, Sugimoto M et al Anti-interleukin-6 recep- 
tor anribody therapy reduces vascular endothelial growth factor 
production in rheumatoid arthritis. Arthritis Rheum 2003;48:1521- 
9. 

39 Woolley DE, Tetlow LC, Mast cell activation and its relation to 
ptoinflammatory cytokine production in the rheumatoid lesion. 
Arthritis Res 2000;2:65-74, 

40 van Loveren H, Meade R, Askenase PW. An early component of 
delayed-type hypersensitivity mediated by T cells and mast cells. 
J Exp Med 1983;157;1604-17. 



© 2007 The Authors 

Journal compilation © 2007 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 65, 530-537 



M. Adlesic et al. 



Histamine in Rheumatoid Arthritis 537 



41 Galli SJ, Hammel I. Unequivocal delayed hypersensitivity in mast 
cell-deficient and beige mice. Sciem 1984;226:710-3. 

42 Asada M, Sugie M, Inoue M et al. Inhibitory eflFect of alginic acids 
on hyaluronidase and on histamine release from mast cells. Bhsci 
Biotechml Biochm 1997;61:1030-2. 

43 Murray N, Zoerkler N, Brown T, Bonhomme Y. LCB 2183 inhib- 

sitivity. Ittt J Immumpharmacol 1994;16:675-83. 



44 Francis JW, Todd RF III, Boxer LA, Petty HR. Histamine inhibits 
cell spreading and C3bi receptor clustering and diminishes hydro- 
gen peroxide production by adherent human neutrophils. J Cell 
Physiol 1991;147:128-37. 

45 Betten A, Dahlgren C, Hermodsson S, Hellstrand K. Histamine 
inhibits neutrophil NADPH oxidase activity triggered by the lip- 
oxin A4 receptor-specific peptide agonist Trp-Lys-Tyr-Met- 
Val-Met, Scand J Immunol 2003;58:321-6. 



© 2007 The Authors 

Journal compilation © 2007 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 65, 530-537 



